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PREFACE. 

In  presenting  tnis  A-aesis,  tue 
writers  desire  to  express  tJaeir  sincere 
tnanks  to  Professor  Alfred  E.  Phillips, 
and  to  Lirs.  Julia  B.  Beveridge;  to  the 
former  for  the  many  invaluable  suggest- 
ions which  he  gave  them,  and  to  the 
latter,  for  the  aid  which  she  rendered 
in  bringing  mucn  reference  matter  to 
their  attention. 

S.  E.3. 
B.  B.S. 
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DESIGN. 

The  town  of  Huntley,  Montana,  was  brought 
to  the  attention  of  the  writers  by  the  ex- 
tensive irrigation  projects  being  carried  on 
by  the  U.  S.  Government  in  that  vicinity. 

Several  maps  were  procured  from  the  U.  S. 
Reclamation  Service  with  the  intention  of 
choosing  a  town  which  offered  a  suitaole  proDlem 
of.  sewage  collection.  Erom  this  standpoint, 
Huntley  was  chosen. 

Topographical  maps  of  five  foot  contour 
interval  were  next  obtained  from  the  Reclama- 
tion Service.   The  map  of  Huntley  was  enlarged 
from  a  government  map  of  400  feet  to  the  inch 
scale,  to  200,  and  one  foot  contours  were  arawn 
interpolating  from  the  auove  mentioned  maps. 

For  a  town  of  this  size,  separate  systems 
of  sewage  and  water  collection  would  be  impract- 
icable; inasmuch,  as  the  sewage  would  not  have 
to  be  purified,  out  could  oe  emptied  into  the 
Yellowstone  River,  bounding  the  town. 


It  was,  therefore,  decided  to  design  a  sewer 
system  on  the  combined  plan. 

Referring  to  the  map,  it  will  be  seen  that 
the  two  railroads  cross  the  entire  length  of 
town  and  join  near  the  southwestern  extremity. 
Beyond  this  junction  would  be  the  oest  crossing 
for  the  sewer,  inasmuch  it  would  be  necessary 
to  cross  only  one  tracic.   At  all  other  places, 
at  least  four  tracks  would  have  to  be  crossed. 
Due  to  topographical  reasons,  however,  the  drain 
age  being  away  from  this  point,  crossing  here 
would  be  impractible.   The  crossing  chosen 
ofiered  the  best  solution.   The  rest  of  the  sewer 
lay-out  was  governed  by  the  following  considerat 
ions: 

Topography,  Lot  [frontages,  Depth  cc  Graces. 

TOPOGRAPHY. 

The  entire  general  drainage  w;  s  toward,  the 
northern  end  of  the  town;  a  ridge  very  close  to 
and  paralleling  the  river,  dividing  the  drainage 


into  easterly  and  westerly  directions. 

The  westerly  drainage  was  comparatively 
insignificant,  since  it  could  directly  reach 
the  river,  it  was  unnecessary  to  provide  sewers 
for  it.   The  easterly  drainage  was  taken  u]  at 
several  points  and  brought  back  toward  the  river 

LOT  EROHTAGES. 
It  was  aimed  to  have  one  sewer  serve  both 

sides  of  the  street,  although  exceptions  to  this 
were  necessitated  by  different  conside  rations, 
among  which  the  occupation  of  the  streets  oy  an 
irrigation ' canal  figured  prominently. 
DEPTH. 

The  sewers  were  kept  below  aocut  nine  feet, 
in  order  to  d  e  below  the  ordinary  basement 
level.  The  drainage  from  the  northeasterly 
section  had  to  be  carried  through  very  flat 
ground,  making  deep  sewers  imperative. 
GRADES. 

Wherever  posniole,  the  grades  were  placed 
at  about  1  in  250,  although  they  were  often 
influenced  by  otfter  factors. 


QUANTITY  OF  DISCHARGE. 

In  computing  storm  water  discharge,  the  quan- 
tity of  domestic  sewage  flowing  is  comparatively 
so  insignificant,  as  to  make  its  effect  negligiol< 
and  it  was,  therefore,  not  reckoned  with. 

The  areas  drained  were  computed  from  the 

topographic  map  and  the  run-off  assigned  to 

different  manholes,  which  were  to  have  perforated 

co/ers  to  catch  this. 

In  computing  the  run-off  the  KeMath  xormula 

was  used. 

DIAMETER  AMD  KiMD  OS   SEWER  PIPE. 

The  diameters  were  taken  from  diagrams  based 
on   Kutter's  formula  contained  in  ;_etcalf  & 
Eddy's  "American  Sewer  Practice".  The  values 
of  "n"  were  taken  as  .00015  for  concrete  pipe, 
and  .00013  for  vitrified  ciay  pipe. 

Por  all  diameters  under  24",  vitrified  clay 
pipe  was  used  and  all  sewers  of  over  24",  were 
of  concrete  pipe,  Lock  Joint  Fipe,  type. 
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TRENCHES. 

1.  LENGTH  OF  TRENCH. 

Unless  otherwise  directed  or 
permitted,  not  more  than  120  feet  of  any  trench 
in  advance  of  the  end  of  the  built  sewer  snail 
oe  open  at  any  time;  and  unless  written  permiss- 
ion to  tne  contrary  is  given,  tne  trencn  snail 
ue  excavated  to  its  full  depth  for  a  distance  of 
at  least  2b   feet  more  than  the  minimum  length  of 
sewer  permitted  to  oe  laid  in  it.   Trenches  for 
nouse  connections  drains  shall  not  be  open  on 
ootn  siaes  of  tne  street  at  the  same  time,  unless 
permission  iias  previously  been  given  to  close  the 
street.   Unless  othersise  directed,  eacn  trench 
for  basin  connections  and  house  connection  drains 
snail  oe  fuli.y  excavated  for  its  entire  lengtn 
Defore  any  pipes  are  laio  therein. 

2. SHEETING  AND  BRACING. 

Where  necessary,  the  siaes 
of  tne  trencnes  and  excavations  shall  De  supported 
oy  adequate  sneeting  and  oracing.   Steel  sneeting 
may  oe   used  only  where  snown  on  tne  plan  or  direct- 
ed.  Sheeting  and  oracing  will  ue  paid  ior  only 
wnen  left  in  place  oy  written  order,  in  whicn 
event  tne  amount  left  in  place  will  be  paid  for 
at  uhe  contract  price  ior  sucn  material.   Unless 
specially  permitted,  sneeting  against  wnicn  concre- 
te is  placed,  snail  not  ue  removed,  out  sucn  sneet- 
ing will  not  ue  paid  for  unless  ordered  to  oe  left 
in  place  to  protect  tne  sides  of  tne  trencnes  and 
excavations.   The  Contractor  will  be  held   ac- 
countauie  and  responsiole  for  the  suificiency  of 
all  sneeting  and  oracing  used,  and  for  all  damage 
to  persons  or  property  resulting  from  the  improper 
oxuality,  strength,  placing,  maintaining  or  remov- 
ing of  the  same. 
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3.  SHEETING   IN   SOFT   MATERIAL. 

Where  the  mat- 
erial to  be  excavated  is  of  sucn  a  cnaracter 
or  other  conditions  are  sucn  as  to  render  it 
necessary,  the  sheeting  snail  be  closely  driven 
and  to  such  depth  below  the  bottom  of  the 
sewer  as  may  be  directed. 

4.  TUNNELING. 

Ail  work  shall  be  done  in  open 
trenches  or  excavations;  no  tunnelling  shall 
be  done  except  with  the  consent  of  the  Engi- 
neer. 

5.  TREES  AND  STUMPS. 

The  Contractor  shall  grub 
ana  clear  the  surface  over  the  trencnes  and 
otner  excavations,  of  all  trees,  stumps,  stones 
and  any  other  incumbrances  affecting  the  prose- 
cution of  the  work,  and  shall  remove  tnem  from 
the  site. 

6*  MATERIAL  TO  BE  INSPECTED  AND  DISINFECTED. 

If  required  oy  the   Engineer,  any  and  all 
oi  tne  excavated  material  shall  be  satisfacto- 
rily disinfected  or  deodorized,  or  immediately 
removed  from  the  work. 

7.  ROADWAYS,  SIDEWALKS,  etc.,  TO  BE  KEPT  CLEAN. 
Unless  permisyion  is  given  to  tne  contrary 
tne  excavated  material  and  materials  of  con- 
struction shall  be  so  deposited,  and  the  work 
shall  be  so  condvcted  as  io  leave  open  and 
free  for  pedestr  an  traffic,  all  crosswalks, 
a  space  on  each  sidewalk  not  less  than  one- 
third  the  width  of  tne  sidewalK  and  not  less 
tnau  3  feet  in  widtn,  and  for  venicular  trai- 
iic,  a  roadway  not  less  tnan  8  ffeet  in  width. 
All  street  nydrants,  water  gates,  fire  alarm 
uoxes  and  letter  boxes  shall  De  kept  access  — 
iule  ior  use.   Not  more  than  100  feet  (linear) 
of  sidewalk  shall  oe  used  at  any  time  for  storage 
or  materials  irom  any  one  trench.   During  the 
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progress  of  the  work,  the  Contractor  shall 
maintain  such  crosswalks,  sidewalks   and 
roadways  in  satisfactory  condition,  and  the 
work  snail  at  all  times  be  so  conducted  as 
to  cause  a  minimum  of  inconvenience  to  public 
travel,  and  to  permit  safe  and  convenient 
access  to  private  and  puulic  property  along 
tne  line  of  the  work. 

8.  SURPLUS  MATERIAL. 

If  all  of  the  excavated 
material  cannot  De  stored  on  tne  street  in 
sucn  a  manner  as  to  maintain  the  traffic 
conditions  hereinDeiore  specified,  the  surplus 
material  shall  oe  removed  from  tne  work  and 
scored.   After  the  construction  the  s>  wer,  so 
much  of  this  material  as  is  of  satisfactory 
quality  and  necessary  for  the  purpose  shall 
oe  orought  bac±£  and  used  for  Dackf iliing  the 
trench. 

9.  BACKFILL. 

Where  directed  in  built-up  districts 
and  in  streets  where  traffic  conditions  render 
it  necessary,  tne  materials  excavated  from  the 
first  8  feet  of  trencnes  shall  be  removed  by 
tne  Contractor  as  soon  as  exc& rated,  and  the 
material  subsequently  excavated,  if  suitable  lor 
tne  purpose,  shall  be  used  to  backfill  the 
trencnes  in  which  the  sewers  have  been  built 
ana  neither  the  excavated  material  nor  materials 
of  construction  shall  be  stored  on  tne  roadways 
or  sidewalks. 

10.  EEUCE. 

Where  required  by  the  Engineer,  suit- 
able fences  shall  be  placed  along  the  sides  of 
the  trencnes  o  keep  the  streets  safe  for  traffic. 
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II.  TEMPORARY  BRIDGES. 

Crosswalks,  where  inter- 
sected uy  trencnes,  snail  if  required,  De  tem- 
porarily replaced  "by  substantial  timber  oridges 
not  less  tnan  3  feet  wide,  witn  side  railings. 
Where  required,  suitaole  temporary  bridges  for 
vehicles  shall  oe  provided  and  maintained  across 
trencnes. 

lid.  DISPOSAL  OF  WATER  FROM  TRENCHES. 

Tne  Con- 
tractor shall  at  all  times  during  the  progress  of 
the  v/orK,  keep  the  trenches  and  excavations 
free  from  water.   Water  from  the  trenches  and 
excavations  shall  be  disposed  of  in  sucn  a 
manner  as  will  neither  cause  injury  to  the 
puulic  nealtn,  nor  to  puolic  or  private  prooery, 
nor  to  the  work  completed  or  in  progress,  nor 
to  the  surface  of  tne  streets,  nor  cause  any 
interference  with  the  use  of  the  same by  the 
puulic. 

13   COST  TO  BE  COVERED' 

•The  cost  of  all  labor 
required  to  De  done  and  all  materials  furnished 
in  tne  performance  of  all  of  the  woric  specified 
in  paragraphs  1  to  12  inclusive,  except  as  other- 
wise provided,  shall  be  covered  oy  ail  tne  contract 
prices  for  an  the  items  for  whicn  there  are  con 
tract  prices. 


EARTH  EXCAVATION. 

14.  EARTH  EXCAVATION 

shall  include  the  removal 
of  all  material  other  than  rocic  as  defined  in 
sections  21  and  22. 

15.  WIDTH  OF  TRENCH  FOR  SEWERS,  etc. 

The  minimum 
width  oi  trendies  in  earth  for  pipe  sewers, 
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basin  connections,  house  connections  and  other 
drains  not  over  18  inches  in  diameter,  shali 
be  sucii  as  to  give  a  clearance  oi'  8  inches  on 
each  side  of  the  barrel  of  the  pipe,  and  for 
tnose  oi  larger  dimensions,  of  10  inches  on 
each  side  of  the  barrel  of  tne  pipe,  and  all 
such  trencuesshall  nave  a  clear  wiatn  equal 
to  tne  maximum  widths  of  the  cradles  of  the 
sewers  to  be  laid  in  them  ,  when  sucn  cradles 
are  wider  than  the  minimum  widths  hereinoefore 
specified.   The  minimum  clear  widths  of  trenches 
in  earth  for  other  sewers  shall  be  the  greatest 
external  width  of  tne  structures  including 
the  necessary  forms,  to  be  built  therein. 

lo.  EXCAVATION  FOR  MANHOLES,  etc. 

Where  a  man- 
hole or  other  appurtenance  or  the  foundation 
tnerefor  extends  oeyond  the  exterior  lines 
oi  the  s-/er  or  its  foundation,  the  minimum 
excavatioii  in  earth  required  for  tne  same  shall 
oe  that  contained  in  a  prism  with  vertical 
sides  and  a  horizontal  section  equal  to  the 
smallest  rectangle  which  will  enclose  such 
appurtenance  and  its  foundation. 

17 ..EXCAVATION  ?0R  RECEIVING  BASINS,  etc. 

The 
minimum  dimensions  of  tne  excavation  in  earth 
for  oriCK  receiv.ng  basins,  catchbasins  and 
flush  tanics  shala.  be  such  as  to  give  a  clearance 
inside  the  sheeting  of  1  foot  on  all  sides 
aoove  the  foundation,  but  in  all  sucn  cases  the 
excavation  shall  be  large  enough  to  include 
the  foundation  for  the  structures  shown  on  the 
plan. 

IB.  DEPTH  OF  TRENCHES. 

Trenches  shall  be  exca- 
vated to  the  deptn  required  for  the  foundations 
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or  the  sewers  and  appurtenances  shown  on  the 
plan,  and  where  conditions  are  such  as  to  make 
it  necessary,  to  such  additional  aeptns  as 
may  be  directed.   Where  pipe  is  laid  witnout 
a  cradle,  tne  bottom  of  trenches  shall  be 
excavated  to  fit  the  lower  third  of  the  pipe, 
and  excavations  shall  be  made  to  reveive  the 
hubs.   Ail  irregularities  in  the  bottoms  of 
trenches  shall  be  filled  up  to  the  required 
grade  witn  suitaole  material. 

19.  COST  TO  BE  COVERED 

(Same  as  paragraph  13, 
except  paragraph  numoers. ) 

20.  ADDITIONAL  EARTH  EXCAVATIONS. 

When  there 
is  a  contract  price  for  additional  eartn 
excavation,  it  shall  cover  tne  cos   of 
excavating  all  material  (other  than  rock) 
ordered  to  be  excavated  beyond  tne  lines  and 
deptns  herein  specmed  in  sections  15  to  18, 
inclusive,  and  also  tne  cost  of  excavating 
all  material  within  tne  lines  of  the  trenches 
above  the  surface  of  the  ground  as  shown  on  the 
.plan,  when  sucn  material  has  not  oeen  placed 
tnere  uy  the  Contractor.   This  contract  price 
shall  aso  cover  tne  cost  of  filling  such  ex- 
cavations witn  approved  material.   Where  no 
price  is  named  in  the  contract  for  additional 
earth  excavation,  the  cost  of  the  several 
items  enumerated  aoove,  shall  be  covered  oy 
all  the  contract  prices  for  alx  the  items  for 
which  there  are  contract  urices. 


ROCK  EXCAVATION. 

21.  DEFINITION. 

Rock  excavation  shall  include 
the  excavation  and  removal  of  the  following 
materials : 
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a.  Rock  whicn  shall  be  determined  to  ueof  sucn 
a  cnaracter  as  to  warrant   its  removal  oy 
olastixig,  in  order  to  insure  prompt  and  proper 
prosecution  of  tne  work. 

o.  Boulders  and  pieces  of  rocic,  masonry  in 
mortar,  and  concrete,  each  of  which  contains 
one-^nird  cuoic  yard  or  more,  except  the 
masonry  anu  concrete  of  old  sewers  and  their 
appurtenances. 

2Z .      PISCES  OF   ROCK, 

masonry,  concrete  or 
oouxaers,  which  fall  or  slide  into  the  trench 
from  beyond  tne  lines  thereof  as  herein  defined, 
will  not  ue  measured,  and  tne  cost  of  the 
removal  of  the  same  shall  he  covered  oy  all 
tne  contract  prices  for  all  tne  items  for  which" 
tnere  are  contract  prices. 

25.  WIDTH  OP  TRENCH. 

Tne  required  widta  of 
trench  in  rock  for  pipe  sewers,  basin  connection 
nouse  connections  and  otner  pipes  will  De 
sucn  as  to  give  a  Clearance  of  1  foot  on  each 
side  of  the  pipe,  exclusive  of  spurs  and  hues; 
tne  required  width  of  trench  in  rOcic  for  other 
sewers  and  drains  will  he  such  as  to  give  a 
clearance  or  one  foot  on  each  side  of  the 
structure  to  oe  uuilt  tnerein  at  its  greatest 
external  widtn.   Where  a  riser,  mannoie  or 
ouner  appurtenance  or  the  foundation  therefor, 
extends  oeyond  the  exterior  lines  of  the  sewer 
or  its  foundation,  the  excavation  in  rock, 
requireu  for  tne  same  will  be  tnat  contained  in 
a  prism  witn  vertical  sides  and  a  norizontal 
section  1  foot  wider  on  each  side  than  the 
smal Lest  rectangle  which  will  enclose  sucn 
appurtenances  aod  its  foundation.   Tnerequired 
dimensions  oi  the  excavation  in  rocK  for 
receiving  basins,  catch  basins  and  flush  tanks 
wixi  be  such  as  to  give  a  clearance  of  1  foot 
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on  ail  siaes  auove  their  foundations. 

24.  DEPTH  OF  TRENCH. 

The  rock  shali  be  excavated 
to  the  deptns  required  for  the  cradies  and 
foundations  of  the  aructures  as  shown  on  the 
plan,  and  not  less  than  4  inches  below  tne 
outside  of  the  barrel  for  the  pipe  sewers. 

2b..  MEASUREMENT. 

The  volume  of  rock  to  Qe  paid 
for  will  ue  that  contained  in  prisms  witn 
vertical  sides  and  of  such  dimensions  as  to 
goive  the  widths  and  clearances  hereinDefore 
specixied  from  the  uottoms  of  tne  trencn.es, 
as  specified  and  as  shown  onthe  plan,  to  the 
surface  of  tne  rock. 

26.  ROCK  STRIPPED. 

Rock  snail  De  stripped  in 
sections,  whicn  unless  otnerwise  permitted, 
SJiall  be  not  less  tnan  50  feet  in  lengtn,  and 
tne  Engineer  shali  then  be  notilied  in  order 
that  he  amy  measure  the  same.   Rock  excavated 
or  blasted  before  such  measurements  are  made, 
win  not  be  paid  for. 

274  EXCAVATION  POR  BRANCHES. 

Wherever   a   orancn 
for  a  proposed   s-r.ver   or   extension   of   a  sewer 
is   ouiiu   ixi  tne  took,    tne   required   trencn 
shd.ii    be  excavated   for  a  distance  of  not   lt^ss 
tnan  5   feet    oeyond  tne   end   of   such   orancn,    in 
the  direction   of  tne  proposed   sewer   or   ex- 
tension. 

28.  BLASTING. 

•  LI  blasting  operations  shall  oe 
conducted  in  strict  accordance  with  existing 
ordinances  and  regulations  relative  to  rock 
oiasting  and  one  storage  and  use  of  explosives. 
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Any  rocxv  excavation  witnin  5  feet  of  a  water 
main  le.-,s  tnan  36  incnes  in  diameter,    and 
witnin  10  feet  of  a  water  main  36  incnes  or 
more  in  uiameter,  shall   oe  done  witn  very 
li&no  cnarges  of  explosives,  or,  fi  directed 
wiunout  blasting,  and  we  utmost  care   shall 
oe  used  to  avoid  Dreading  or  disturbing  tne 
main. 

29.  EXPOSED  STRUCTURES  TO  BE  PROTECTED. 

All 
exposed  sewers,  manholes,  receiving  basing 
and  other  structures  shall  De  carefully 
protected  from  the  effects  of  Masts.   Any 
damage  done  to  structures  shall  be  promptly 
repaired  by  the  Contractor  at  his  own  expense. 

30.  PRIC^  TO  COVER. 

Tne  contract  price  for 
rocK  excavation  shall  cover  the  cost  of  all  labo 
and  materials  required  to  excavate  and  rmove  all 
rocic  as  specified,  and  without  regard  to  its 
subsequent  use.   When  there  is  no  contract 
price  for  rock  excavation,  the  cost  of  exca- 
vating and  removing  rocic  shall  be  covered  by 
all  tne  contract  prices  for  all  the  items  for 
wnicn  tnere  are  contract  prices. 


BACK  FILLING. 

31.  BACKFILLING  AROUND  SEWERS. 

Unless   otnerwise 
specified   or  directed,    all   trenches   and   exca- 
vations   shall    oe    backfilled   i..jncdiately  after 
tne  structures   are  built   tiierein.      jj:or  a 
deptn   oi    at   least   2  feet   over  the  top   oi   the 
sewers,    basins,    connections,    and   otner  drains, 
tne  material  used   for    backfilling  trencnes   as 
excavated    shall  be  clean   eartn,    sand   or   rock 
dust.      It    shall   be  carefully  deposited  in 
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Uniform  layers  not  exceeding  6  inches  in 
depth,  and  unless  otherwise  permitted,  each 
layer  shall  be  carefully  and  solidly  tamped 
with  appropriate  tools  in  such  a  manner  as 
to  avoid  injuring  or  disturbing  the  completed 
work. 

32.   BACKFILLING  FOE  REMAINDER  0?  TRENCH. - 

Back- 
filling for  the   remainder   of  the    trenches  as 
'excavated   shall  be   approved  material   free   from 
organic  matter  and  containing  no   stones   over 
10  inches   in  their  largest   dimensions.      Stones 
which  are  used  in  backfilling   shall  be   so  dis- 
tributed through  the  mass  th  at    all  interstices 
are   filled  with   fine  material.      Backfilling 
shall  be   deposited  as  directed  and  unless   other- 
wise permitted   shall  be   spread  in  layers  and   sol- 
idly tamped- 

33-      BACKFILLING  AROUND  liANHOLES,    RECEIVING  BAS- 
INS,   etc.- 

Backfilling  within  2   feet   of  manholes, 
house   connection  drains,    receiving  basins,    in- 
let basins,    flush  tanks  and   other   structures 
shall  be    of  the    same   quality  as   that   specified 
in  sections  SI   and  52.      It   shall  be   uniformly 
deposited    on  all   sides,    and  unless  otherwise 
permitted,    solidly  tamped  in   such  manner  as  to 
avoid  injuring  the   structures   or  producing  un- 
equal pressures   thereon. 

34.      PUDDLING. - 

Backfilling  shall,  if  required, 
be  flooded  or  puddled  with  water  as  the  work 
progresses,  instead  of  being  tamped* 

35-   CAVITIES  FILLED. - 

When  sheeting  is  drawn, 
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all  cavities  remaining  in  or  adjoining  the 
trench  shall  he  solidly  filled.   When  sheet- 
ing is  left  in  place,  all  cavities  "behind 
such  sheeting  shall  be  solidly  filled  as  dir- 
ected* 

36.   DEFICIENCY  OF  FILLING. - 

Unless  otherwise 
shown  on  the  plan,  trenches  shall  he  backfil- 
led to  the  height  of  the  surface  of  the  ground 
as  it  existed  at  the  commencement  of  the  work. 
Should  there  he  a  deficiency  of  proper  material 
for  the  purpose,  the  Contractor  shall  furnish 
and  place  such  additional  material  as  may  he 
required. 

37-  TEMPORARY  BULKHEADS. - 

For  retaining  hack- 
filling  only  temporary  bulkheads  will  be  al- 
lowed-  Such  bulkheads  shall  not  be  of  stone, 
and  they  shall  be  removed  as  the  trenches  are 
backfilled. 

38-  CURVES,  BRANCHES,  etc.,  HOT  TO  BE  COVERED.  - 
Sewers  built  on  curves,  also  drains,  basin  con- 
nections, house  and  sewer  connections,  and  in- 
tersections, ends  of  sewers  and  branches  shall 
not  be  covered  until  the  Engineer  shall  have 
inspected,  measured  and  located  the  same,  and 
given  permission  to  backfill  the  trenches  over 
them. 

39.   REMOVAL  OF  SURPLUS  MATERIAL. - 

As  trenches 
are  backfilled,  the  Contractor  shall  remove 
all  surplus  material  and  regrade  and  leave  free, 
clear  and  in  good  order,  all  roadways  and  side- 
walks to  within  50  feet  of  the  end  of  the  com- 
pleted work.   During  the  progress  of,  and  un- 
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'til  the    final  payment    for  and  acceptance   of 
the  work,   he   shall  maintain  in  good  and   safe 
condition,    the    surface    of   the   street    over  all 
trenches,    and  promptly   fill  all   depressions 
over  and  adjacent   to  trenches   caused  "by  the 
settlement    of  backfilling.      In   case   of  failure 
or  neglect   on  the  part  of  the   Contractor  to 
comply  with  the  requirements   of  this  para- 
graph within  24  hours  after  the   service   upon 
hira  of  a  written  notice    so   to   do,   the  Board 
of  local  Improvements  may  furnish  all  materi- 
als and  do  all  the  work  required,    and  the    cost 
thereof  will  he   charged  to  the   Contractor  and 
deducted  from  any  moneys  due   or  to  become   due 
to  hira  under  this  contract.     All  surplus 
material   or  any  part   thereof  shall,    if  re- 
quired, be  deposited  as   directed  on  the    streets 
and  avenues  within  the    limits   of  this   contract 
where  surfaces  are  below  grade,    and  in  such  a 
manner  as   to    leave  the    surfaces   of  the    filled 
material  even. 

40.  (Same   as  paragraph  IS,   except  paragraph 
numbers. ) 

CELEB  T . 

41.  CEMENT. - 

All  cement  used  in  this  work 
shall  be  high-grade   Portland  cement    of  well- 
established  and  approved  brands  and  shall  pass 
all   the   Specifications   and   Tests  of  the   Am- 
erican  Society  of  Testing  Materials. 

42.  RE-TE3TIBG-.- 

Any  cement  which   shall  have 
been  kept   in  storage   after  testing   for  a  suf- 
ficient time   to  warrant   it,    shall  be   re-tested. 
Any  prior  acceptance   shall  be    considered  void 
and  the   acceptance   or  rejection  of  the   cement 


82 


shall  depend  upon  the  results  of  the  latter 
tests. 

42-   APPROVAL  OF  BRAND  MAY  BE  RESCINDED. - 

The 
Engineer  may  at  any  time  rescind  the  approval 
of  any  brand  of  cement  that  develops  quali- 
ties which  in  his  opinion  unfit  it  for  use 
in  the  work. 

44.   SAMPIES  — 

The  Contractor  shall  notify 
the  Engineer  of  the  arrival  of  cement  on  the 
work,  and  furnish  such  facilities  as  may  be 
required  for  obtaining  samples  for  testing. 
Samples  will  be  taken  so  as  to  fairly  repre- 
sent the  material.   The  number  of  packages 
sampled  andthe  quantity  to  be  taken  from  each 
will  depend  upon  the  importance  of  the  v/ork 
and  the  number  of  tests  to  be  made. 

45-   DELIVERY  AND  STORING. - 

Cement   shall  be 
delivered  on  the  work  in  barrels   or  approved 
bags  of  uniform  size  with  the  brand  and  the 
name    of  the  manufacturer  plainly  marked  there- 
on,   and   shall  be    immediately  stored  in  a  dry 
place   and   carefully  protected   from  the  weather 
A  sufficient    stock  of  cement   shall  be  kept 
on  the    work  in  advance    of  the   necessity  for 
its  use   to  permit   of  the  making   of  the   re- 
quired sevenday  tests.      Except   by  written  per- 
mission,   no   cement    shall  be  used  before    it 
has  been  tested  and  accepted,    and  any  concrete 
or  masonry  which  may  have   been  made   under 
such  permission  with   cement   that   is   subse- 
quently  rejected,    shall  be   removed  and   replac- 
ed with  concrete    or  masonry  made   of  accepted 
cement.      All   cement   found  to   be   of  improper 
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or  inferior  quality  shall  be  immediately 
removed  from  the  site  of  the  work. 

46.  COST  TO  BE  COVERED. - 

The   cost   of  fur- 
nishing,   storing,    and   incorporating  cement 
in  the  work,   and  the   cost   of  samples  re- 
quired  for  testing,    shall  "be   covered  by  th< 
contract  prices  for  the   structures  or  clas- 
ses of  work  in  connection  with  which  the 
cement   is  used- 

SAID . 

47.  SAND.- 

The  sand  shall  be  clean  and 
sharp,  free  from  dirt,  loam,  mica  and  or- 
ganic matter,  and  shall  contain  not  more 
than  8  per  cent  by  volume  of  clay,  and  no 
clay  shall  be  artificially  added. 

MORTAR. 

48.  COMPOSITION. - 

All  mortar  used  in  the 
work,  unless  otherwise  specified,  shall 
be  composed  of  1  volume  of  cement,  as  in 
the  original  package,  and  2  volumes  of 
sand.  Mortar  used  in  the  haunch  walls  of 
brick  sewers  shall  be  composed  of  1  volume 
cement  and  3  volumes  of  sand* 

49.  MIXING. - 

Mortar   shall  be   mixed  in  a 
suitable  box  or   on  a  tight  platform,    and 
never  upon  the    ground.      The  cement    and    • 
sand   shall  be  thoroughly  mixed  dry,    until 
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the  mixture  has  an  uniform  color.     Clean, 
fresh  water  shall  then  he  added  and  the 
mass  worked  until  a  mortar  which  is  uni- 
form and  of  the   required  consistency  is 
produced.     Mortar  shall  be  mixed  in  no 
greater  quantity  than  is  required   for  the  work 
in  hand,   and  any  that  has  set  sufficiently 
to  require  retempering  shall  not  he  used. 

50.  FREEZING  HffiATHER.- 

The  mixing  and  use 
of  mortar  in  freezing  weather  shall  be  sub- 
ject to  the  same  requirements  as  hereinaf- 
ter specified  for  mixing  and  placing  con- 
crete under  similar  conditions. 

51.  COST   COVERED. - 

The   cost    of  all  labor 
and  materials  required  to   furnish  and  place 
mortar  in  the  work,   as  specified,    shall  be 
covered  by  the  contract  price  for  the   struc- 
ture or  class   of  work  in  connection  with 
which  the  mortar  is  used. 

CONCRETE. 

52-   CLASS  A  CONCRETE. - 

Class  A  concrete 
shall  be  made  of  1  part  of  cement,  2  parts 
of  sand  and  4  parts  of  broken  stone  or  gravel. 
Broken  stone  for  Class  A  concrete  shall  be 
hard,  sound  and  durable  and  shall  not  con- 
tain loam,  clay,  organic  matter,  objection- 
able quantities  of  dust  or  other  improper 
material.   Broken  stone  for  Class  A  concrete 
shall  be  the  run  of  the  crusher  that  will 
pass  through  a  screen  with  circular  open- 
ings 1  inchj  1-1/2  inch  and  2  inches  in  di- 
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anieter*      Gravel  shall  be  of  hard,    sound, 
durable  material  equal  in  quality  to  that 
specified  for  broken  stone • 

53-  GLASS  B   CONCRETE  — 

Class  B   concrete 
shall  be  made  of  1  part  of  cement,   2-l/2 
parts   of  sand  and  5  parts   of  broken  stone 
or  gravel.     Broken  stone,    gravel  and  sand 
for  Class  B  Concrete   shall  in  all  respects 
comply  with  the   requirements   specified  for 
the    same  materials  for  Class  A  concrete- 

54-  CLASS  C   CONCRETE  — 

Class   C   concrete 
shall  be  made    of  1  part   of  cement,   3  parts 
of  sand  and  6  parts   of  broken   stone   or 
gravel.     Broken  stone   for  Class  C  concrete 
shall  be  the   run  of  the   crusher  that  will 
pass  through  a  screen  with  circular  open- 
ings 1   inch,    1-1/2   inch  and  2    inches   in 
diameter  and  be   retained   on  a   screen  with 
circular   openings   l/8  inch   in  diameter. 
Gravel  for  Class  C  concrete   shall  be  as 
specified  for  Class  A  concrete.     Broken 
stone,   gravel   and   sand   for  Class  C   concrete 
shall    in  all  respects   comply  with  the   re- 
quirements  for  similar  materials   for  Class 
A  concrete,   except   as   to  sizes  as  above 
specified. 

55.      RUBBLE   CONCRETE.- 

Rubble   concrete   shall 
consist   of  Class  B  concrete  with  large 
stones  embedded  therein.      The   embedded 
stones   shall  be  hard,    sound  and   durable, 
roughly  cubical  in  shape   and  of   such   sizes 
as  may  be   deemed  suitable   for  the  mass  in 
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which  they  are   to  be   used*      They  shall 
be    laid  on  their  largest  beds  and  be   so 
placed  in  the  work  that  they  will   not 
be  nearer  than  9  inches  to   the  bottom 
of  a  footing,    to  an  expansion    joint,    to 
any  surface   or   to   each  other.      The    stones 
after  having  been   thoroughly  cleaned  and 
wetted  shall  be    firmly  bedded   in  the   con- 
crete*     The    joints   shall  then  be    filled  and 
the   stones   covered  with   concrete  to    such 
a  depth  that   the   spacing   specified  will  be 
obtained*      The    stories   shall  not   be  placed 
directly  on  any   concrete  which   has   ac- 
quired its  initial   set* 

56.  MEASURING   IHGEEDIEIES.- 

Por  the  pur- 
pose   of  determining  the  proportions   of  the 
materials   for  concrete,   each  bag  of  cement 
will  be   considered  as   containing  1   cubic 
foot,   and  the   other  ingredients   shall  be 
measured  by  an  approved  method. 

57.  WATER.  - 

Only  clean,  fresh  water  shall 
be  used  for  concrete. 

58.  iilXIHG.- 

Unless  permitted  to  be  mixed 
by  hand,   concrete    shall  be   mixed   in  ap- 
proved mechanical  batch  mixers,    so   con- 
structed and  operated  that   the   ingredients 
of  the   concrete   may  be   accurately  measur- 
ed and  will  be   thoroughly  mixed*      .Enough 
water  shall  be   added  during  the  mixing 
to  bring  the    concrete   to   the   requred  con- 
sistency,  which   for   concrete   laid   in  place 
shall  generally  be   such  that    the    concrete 
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may  "be  poured  into  place  without   causing 
the   separation  of  the   stones  from  the 
mortar*      When  concrete   is  mixed  by  hand, 
the  broken  stone    or  gravel   shall  be  thor- 
oughly wet   before   it  is  used-      The    cement 
and  sand  shall  be  mixed  in  the  proper  pro- 
portions  dry  until   the  mixture   has  an  un- 
iform color*      It   shall  then  be  made   into 
mortar  of  the    desired   consistency.      The 
broken  stone    shall  be   added  and  the  en- 
tire mass  turned  until   each  stone   is  en- 
tirely covered  with  mortar* 

59*      PLACING   COIJCRKTE.- 

Concrete   shall  be 
mixed  only  in   such   quantity  as   is  required 
for   the  work  in  hand,   and  any  that  has  set 
sufficiently  to   require   re- tempering   shall 
not  be  used*      Any  concrete   in  which  the 
water  has   separated   from  the   solid  matter 
shall  be    satisfactorily  remixed  before  being 
placed*      The   concrete    shall  be  so    deposited  in 
the  work  as  to  prevent  the   separation  of  the 
stone   from  the  mortar*      It   shall  be   depos- 
ited in  as  nearly  a  continuous   operation  as 
practicable   and   shall  be   worked,    tamped, 
spaded  or  rammed  with   suitable   tools  to 
produce   a  dense   and   compact  mass*     When  the 
operation  of  placing   concrete    is   interrupt- 
ed,   the   concrete   in  work  shall,   if  required, 
be  confined  by  suitable  temporary  forms  or 
bulkheads,      when  concrete  i s  to    surround   re- 
inforcing rods,    structural    steel  or  wire 
netting,   it   shall  be   so  deposited  as  to 
work  closely  round   saeh  material,      when  a   com- 
paratively dry  concrete   is  used,    it   shall  be 
deposted  in  horizontal   layers  not   exceeding 
6   inches   in  depth,   and  solidly  tamped. 
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60.  PRICES   TO   COVER. - 

The  contract  prices 
for  the  various  classes  of  concrete  shell 
cover  the  cost  of  all  labor  and  materials 
required  to  furnish,  place  and  remove  all 
necessary  forms  and  centers,  and  to  make, 
furnish  and  protect  the  concrete  as  spec- 
ified- 

BRICK  ilASOlTRY. 

61.  QUALITY   OS1  BRICKS. - 

All  "bricks  used 
in  the  work  shall  he   sound  and  hard  burned 
throughout   and  of  uniform  size    and    qual- 
ity.     If  required,    the   bricks  shall  be 
culled  immediately  after  they  are  brought 
on  the  work,  and   all  bricks  which  are 
warped,    cracked  or  of  improper  size,    shape 
or  quality   shall  be  at   once   removed.      The 
proportion   of  bats  permitted  will  be   de- 
termined according  to   the   character  and 
location   of  the  work  in  which  they  are   to 
be  used.     When  bricks  are  used  for  lining 
inverts  and  in  neat   arch  courses   of  sew- 
ers,   they  shall  be   specially  selected 
and  no  bats   shall  be  used  except   for 
closers* 

62.  VITRIFIED  BRICKS. - 

Where   shown  on  the 
plan,   vitrified  bricks  of  approved  size 
and    quality  shall  be   furnished  and  laid. 
After  having  been  thoroughly  dried  and 
then   immersed  in  water  for  24  hours, 
they  shall  not   absorb  more  than  4  per  cent    of 
their  water  weight. 

65.     HOW  LAID*, 

Bricks    shall   be   satis- 
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faetorily  wet  when  "being  laid  and  each 
hrick  shall  he    laid  in  mortar   so  as   to 
-form  full   bed,   and   side    joints   in  one 
operation.      The    joints  shall   not  be 
wider  than  z/e  inch,   except  when  the 
bricks   are   laid  radically,    in  which  case 
the  narrowest   part  of  the   joint    shall 
not   exceed  l/4   inch.      The  h ricks   shall 
he  laid  in  a  workmanlike  manner,    true 
to  line,   and  wherever  practicable   the 
joints  shall  he   carefully   struck  and 
pointed  on  the   inside-      Brickwork  shall 
be   laid  with   a  satisfactory  "bond,    and  as 
it  progresses   shall  he   racked  hack  in 
courses,    unless    otherwise  permitted- 

64.      PROTECTION. - 

All  fresh  brickwork 
shall   be   carefully  protected   from  freez- 
ing and  from  the    drying  effects   of  the 
sun  and  wind,    and  if  required,    it    shall 
be    sprinkled  with  water  at    such  intervals 
and  for  such  a  time  as  may  be   directed. 
Brickwork  shall  be  protected   from   in- 
juries of  all  sorts,   and  all  portions 
which  may  become   damaged  or  may  be 
found  defective   shall  be   repaired,   or 
if  directed,    removed  and  rebuilt.      In 
freezing  weather,  bricks  shall  be  heated 
when  directed,    sufficiently  to  remove 
all   ice   and   fro^t. 

60*  MEASUREMENT.  - 

The   amount   of  brick 
masonry  to  be   paid  for  as   such,   will  be 
all  brick  masonry  built,    as   shown  on  the 
plan  or  as  directed,   except    such  brick 
masonry   shotm  on  the  plan  as  parts  of 
structures   for  which  there   are   contract 
prices  and  the    cost   of  which   is  herein- 
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after  specified  to    "be    covered  by  the 
contract  prices   for  such   structures. 

66.  PRICE   TO   COVER. - 

The   contract 
price   for  brick  masonry   shall   cover  the 
cost   of  all   labor  and  materials   required 
to  build  and  protect  the    same   as   spec- 
ified- 

ST01IE  BALLAST. 

67.  QUALITY. - 

Stone  ballast  shall  be 
broken  stone,  clean,  sound,  hard  and 
roughly  cubical  in  shape  and  unless 
othervri.se  shorn  on  the  plan  or  direc- 
ted, of  sizes  ranging  from  1  inch  to 
4  inches.  Cobbles,  if  satisfactory, 
may  be   used. 

68.  PRICE   TO  COVER. - 

The   contract 
price   for   stone  ballast   shall   cover 
the  cost   of  all  labor    and  materials 
required  to    furnish  and  place  the    same 
as   specified. 

STEEL   REI1I?0RCE:VEIIT  BARS. 

69.  SHAPE. - 

Steel  bars   for   reinforc- 
ing concrete   shall  be   of  such   shape    as 
to  afford  an  a  proved  mechanical   bond 
with    the    concrete  and  to    insure   intimate 
contact  between  the   steel   and  concrete. 
Plain  bars  may  be  used   only  when    shown 
on  the  plan. 

70.  '  SA.IP1ES.- 
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The   Contractor  shall   indicate   the  type 
of  bars  proposed  to  be   used   and   if   re- 
quired shall   furnish    samples  thereof, 
and  he   is   cautioned  not   to  place   the 
order   for  bars  until  the  type   gas  been 
approved. 

71.      SIZE:- 

Each  bar   shall  have  a  net 
cross-sectional  area  equivalent   to   that 
designated   on  the  plan  or   required,    or 
it   shall  be  the    commercial   size    of  the 
approved  type   of  bar  having  a  net   cross- 
sectional   area  next    larger  than  that 
designated   or  required. 

7S.      VARIATION  III  WEIGHT. - 

Reinforce- 
ment  bars  will  be   rejected  if  the  ac- 
tual weight   varies  more  than  5  per  cent 
from  their  theoretical   weight,  as  shown 
by   the  manufacturer's  tables.     For 
weighing  reinforcement  bars,    the   Con- 
tractor  shall,    rJaenever  required,   pro- 
vide an  accurate   scale   of  an  approved 
type,   with  a  capacity  of  not  less  than 
500  pounds* 

73.      QUALITY. - 

All   steel    for  reinforce- 
ment bars   shall  be  made  by   the  open 
hearth  process,    and   shall   conform  to   the 
latest    revised   Standard   Specifications 
for   Steel    Reinforcement   Bars   adopted  by 
the   American   Society  for  Testing  Material! 
The    chemical  and  physical  prope rites 
of  the    steel    shall  be   as   follows: 
Reinforcement  bars  shall  be   rolled  from 
billets   of  new  steel;      they  shall  be 
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straight   and   free    from   seams,    flaws,    cracks 
and   imperfections   of  all   kinds. 

74.      TESTS  AND  INSPECTIONS. - 

The  provisions 
of  sections  relating 

to  tests  and  inspections  of    structural 
steel    shall  also    apply   to   tests   end  inspec- 
tions  of  steel   reinforcement  bars.      Test 
pieces   18  inches   long  may  be   out   from  any 
of  the   bars  delivered  on  the  work,   and  the 
failure  of  any  test  piece   to  meet  the    spec- 
ified requirements,    or  the    failure   of  any 
bar  when  being  tested   or  handled   shall  be 
deemed   sufficient   cause    for  the   rejection 
of  all    steel  from  which  the  test  piece    or 
bar  was   made • 

75-      PROTECT ION. - 

Bars  shall  be  protected 
at   all   times  from  mechanical   injury  and 
from  the  weather,    and  when  placed   in  the 
work  they    shall  be    free   from  dirt,    scale  - 
rust,   paint   and  oil.      Bars  which  are   to  be 
imbedded   in  the   concrete,   but  which   remain 
exposed  for  some    time    after  being  placed 
in  the  work,    shall,    if   directed,   be   immed- 
iately coated  with  a   thin  grout   of  equal 
parts   of  cement  and   sand* 

76.  CUTTING  AND  BENDING. - 

Bars   shall   be 
bent   into  the   shapes   shown  on  the  plan  and 
in  conformity  with  approved  templets.      When 
bars   are    cut  and  bent   on  the  work,    the    Con- 
tractor  shall   employ  competent  men  and    shall 
provide   the  necessary  appliances   for  the 
purposes. 

77.  PLACING. - 

All  bars  shall  be   as   long  as 
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can  be    conveniently  used,    accurately- 
bent,   placed,    spaced  and   jointed  as  shown 
or  directed,    and  they   shall  be  securely 
held  in  place  by  approved  devices  until 
the   concrete   has   been  placed   around   them. 

78-      JOINTS. - 

Vuhere  more  than  one  bar  is 
necessary  to   complete  a  required  length, 
the    joints   shall  be  made   by  means   of  ap- 
proved clamps   which  will    develop   the   full 
strength  of  the   bars  by  lapping  the   ends 
of  the  bars   around   each  other  in  such   a 
manner   as   to  produce  and    maintain  tension 
on  the   joint   during    construction  o  r  by 
lapping  the  ends  of  the  bars,    as  directed, 
and   wiring  them   together  in  an  approved 
manner,    or  by  lapping  the  ends   of  the  bars 
for  a   distance  of  21   times  their  normal 
diameters   for  deformed  bars,   and  40  times 
their  nominal  diamters   for  plain  bars,    and 
with  a   space   not   less   than  2  inches  between 
them.      Joints    in  longitudinal  bars   shall  be 
staggered  as  directed- 

79.      MEASUREMENT.  - 

The   weight  of   steel    rein- 
forcement bars  paid  for   as   such,  will  be 
the  weight   computed   from  the   lengths   of 
and  theoretical   net   sections   of  the  steel 
reinforcement  bars  placed  in  the  work  in 
accordance  with  the  plan  or  directions, 
except    such    steel    reinforcement  bars   shown 
on  the  plan  as  part  or   parts  of  structures 
for   which   there   are   contract  prices,    and 
the   cost   of  which  is  hereinafter  specified 
to   be    covered  by  the  contract  prices  for  such 
structures-      The  weight  paid   for  will  not 
include   the   lengths    of  bars  used  for  laps 
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for  laps  or  wires,   clamps  and  other  de- 
vices used  for   spacing,    jointing  and   se- 
curing the  "bars  in  place,   or  lugs,    cor- 
rugations and  irregularities  which   in- 
crease the   weight  of  the  "bars  above   the 
weight  of  plain  steel  "bars  of  the   same 
net  cross-sectional  areas,   the    cost   of 
which  shall  he  covered  by  the  price  hid   for 
steel   reinforcement    bars.      In  computing   the 
weight   of  bars,    1   cubic   foot    of  steel   will 
be   considered  to  weigh  489.6  pounds. 

80.  PRICE    TO   COVER.- 

The   concrete  price 
for  steel   reinforcement   bars   shall   cover 
the    cost  of  all  labor  and  materials  re- 
quired to   furnish,    clean,    out,   bend,    place, 
join,    secure   and  protect   the    same,    to 
furnish   all  test  pieces   and  samples  all 
as  specified. 

WIRE  13ETTIIIG. 

81.  TYPE,    QUALITY,    etc- 

Wire  netting  of 
approved  type    and    quality,   and  of  the  mesh 
and   guge   of  wire    shown  on  the  plan,    3iall 
be   furnished  and   placed  where    shown  or 
directed*      The    netting   shall  be  of  steel 
wire*      When  placed   in  the  work,    wire   net- 
ting shall  be   free    from  dirt,    paint,    oil 
and  rust-scale.      It    shall  be  securely  held 
in  place  by  an  approved  method  until  the 
concrete  has  been  placed  around  it. 

82-      PRICE   TO   COVER. - 

The    cost   of  all   labor 
and  materials  required  to   furnish  and  place 
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wire  netting  as  specified   shall  "be  covered 
"by  the   contract  price   for  the    structure   or 
class   of  work  in  connection  with  which   it   is 
used* 

EXPAI-IDED  METAL- 

82-      TYPE,    QUALITY,    etc- 

Expanded  metal    of 
approved   type   and  quality  and   of   the   weight 
and  size   of  mesh   shown   on  the   plan,    shall 
be   furnished  and  placed  where    shown   or   dir- 
ected.     When  placed  in  the  work,    it    shall 
be   free    from  dirt,    scale,    rust,   paint   and 
oil.      It    shall  he  placed  in  position  with 
adjoining   sheets   lapped  1  mesh,    and   se- 
cured by  an  approved  method  until  the   con- 
crete has  been  placed  around   it. 

84.      MEASUREMENT.  - 

The   amount  of  expanded 
metal  paid   for  as   such   will  be   all   ex- 
panded metal  placed  in  the  work  in  ac- 
cordance with    the  plan  or  directions,    ex- 
cept  such   expanded  metal    shown    on  the  plan 
as  part   or  parts  of  structures    for   vhich 
there   are   contract  prices   for  such   structures, 
and  which  is  hereinafter   specified  to    be 
covered  by  the   contract   prices   for   such 
stru ctures.      The    amount  paid   for  will  not 
include  waste  material  out    from   sheets, 
nor   the   material   used   for   laps,  nor  wires, 
clamps  and  other  devices  used  in  joining 
and  securing   the   expanded  metal  in  place, 
the   cost    of   all  of  which  shall  be  covered 
by  the    contract  price   for  expanded  metal. 

85-      PRICE    TO    COVEP..- 

The   contract  price  for 
expended  metal  shall   cover  the  cost   of  all 


36. 


.laoor  and  materials  required  to  furnish, 
clean,  cut,  bend,  place,  join  and  secure 
the  same  as  specified. 

IRON  CASTINGS. 

86.  QUALITY.  - 

Iron  castings  shall  De  of 
the  best  foundry  pig  iron,  gray,  tough 
and  free  from  cold  shuts,  blow  holes  and 
otner  imperfections.   (The  weight  shall 
oe  conspicuously  painted  by  the  manu- 
facturer with  white  oil  paint  on  each 
casting. )   The  castings  shall  be  sound, 
true  to  form  ana  tnicKnes3,  clean  and 
neatly  finished.   Where  required,  cast- 
ings shall  De  tnorougnly  coated  with 
coal  tar  pitch  varnish. 

87.  PRICE  TO  COVER.  - 

The  cost  of  all  labor 
and  materials  required  to  furnish,  place 
and  coat  the  castings  as  specified,  shall 
oe  covered  oy  tne  contract  price  for  the 
structure  or  class  of  work  in  connection 
witn  which  they  are  used. 

T IMBER. 

88.  QUALITY.  - 

All  timber  shall  be  Yellow 
Pine  as  specified  and  shall  oe  sound  and 
free  from  shakes,  cracks,  large  or  loose 
knots,  and  otner  detects  impairing  its 
strength  and  durability.   It  shall  be 
squared  to  tne  required  dimensions  through- 
out its  entire  length. 

ay.   PLACING. - 

Timber  shall  be  placed,  as 
shown  on  the  plan  or  directed  and  where  nee 
essary  shall  be  firmly  spiked  or  bolted 
with  approved  nails  spiKes,  or  bolts  of 
sucn   sizes  and  lengtns  and  at  such  places 
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and  in  such  numbers  as  shown  on  the  plan, 
or  as  directed. 

90.  MEASUREMENT . - 

The  amount  of  timber  to 
oe  paid  for  as  such,  will  be  all  timber 
placed  in  the  work  in  accordance  witn  the 
plan  or  directions,  except  piles  and  timber 
sheeting  and  except  such  timber  3hown  on  the 
plan  as  part  or  parts  of  structures  for  which 
tnere  are  contract  prices,  and  the  cost  of 
which  is  hereinafter  specified  to  be  cover- 
ed by  the  contract  prices  for  such  structures  . 
The  amount  paid  for  will  not  include  timoer 
used  for  forms,  tamplets,  centers,  scaffolds, 
briu&es  (unless  otherwise  specified),  iences, 
guard  rails  or  other  temporary  structures,  the 
cost  of  which  shall  be  covered  by  all  the 
contract  prices  for  all  the  items  for  which 
there  are  contract  prices.   No  deduction  will 
be  made  in  the  measurement  of  timber  on  ac- 
count of  the  spaces  occupied  by  the  piles. 

91.  PRICE  TO  COVER. - 

The  contract  price  for 
timoer  shall  cover  the  cost  of  all  labor 
and  materials  required  to  furnish,  work,  place 
and  secure  the  same  as  specified. 

TIMBER  SHEETING. 

92.  QUALITY,  PLACING,  etc- 

Timoer  slieeting 
and  the  rangers  and  braces  for  the  same  snail 
be  of  a  satisfactory  quality  or  timber  and  of 
sufficient  size  and  strengtn  to  aaequtely 
support  the  sides  of  the  trenches  and  excav- 
ations.  Sneeting  shall  be  driven  m  such  a  man- 
ner as  to  avoid  cracking  and  splitting,  and 
if  required,  for  the  proper  prosecution  of 
tne  work,  3hall  be  tongued  and  grooved. 
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•9  3.   WHEN  PAID  FOR.  - 

Timber  sheeting  will 
oe  paid  for  as  such,  only  when  heft  in  place 
by  written  order  of  the  Engineer,   When  sheet- 
ing is  left  in  so  much  or  it  below  the  sur- 
face of  the  ground  as  may  be  directed,  snail 
he  cut  off. 

9  4 .   1CBASUREMENT  .  - 

The  amount  of  timber 
sneeting  to  he  paid  for  as  such,  will  oe  all 
timoer  sheeting,  rangers  and  braces  left  in 
"by  written  order,  and  will  not  include  sheet- 
ing, rangers  and  braces  left  in  place  with- 
out such  order,  nor  sheeting  left  in  place 
because  concrete  is  placea  against  it ,  nor 
x,nao  pan  of  tne  sheeting  that  extended  aDove 
the  uppermost  ranger  after  having  been  driven, 
the  cost  of  all  of  which  shall  he  covered  by 
all  tne  contract  prices  for  all  the  items  for 
which  there  are  contract  prices. 

95.  PRICE  TO  COVER. - 

The  contract  price  lor 
Limber  shall  cover  the  cost  of  all  labor  and 
materials  to  furnish,  place  and  cut  off  the 
sheeting,  rangers ' and  braces  as  specified,  and 
shall  also  cover  tne  cost  of  all  excavation 
necessary  to  place  the  same. 

PILES. 

96.  QUALITY.  - 

Piles  shall  oe  of  yellow  pine 
as  specified,  sound  and  free  from  splits, 
snaxeB  and  other  imperfections  impairing 
their  strength  and  durability.   They  shall  oe 
straight,  taper  uniformly  from  outt  to  point, 
and  if  so  specified,  shall  he  oaricea.   Unless 
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otherwise  shown  on  tne  plan,  they  shall  con- 
form to  the  following  dimensions: 


:.in. 

Diam. 

Mini, 

Diam. 

Length    oelow   cut- 

at 

point 

at 

CUt-OI I 

ofi 

in. 

in  . 

Less   tnan   20   feet 

6 

10 

20   feet   to    25    feet 

6 

11 

26   feet    to   3b   geet 

6 

12 

36  i'eet   to   45  feet 

6 

13 

46   reet    and   over 

b 

14 

To  determine  the  necessary  lengtn  oi  piles 
to  De  used  in  the  work,  the  Contractor  may  be 
required  to  drive  testtpiles. 

Each  pil  less  than  60  feet  long  shall  be  in  one 
piece;  piles  longer  than  60  feet  may  be  spliced 
in  an  approved  manner.   The  small  ends  oi  piles 
shall  be  pointed,  and  if  reauired,  shall  be  shod 
with  approved  iron  shoes. 

97 .  HOW  DRIVEN.  - 

Piles  shall  be  driven  without 
tne  use  of  a  follower,  unless  specially  per- 
mitted.  Pile  neads  that  become  split  or 
broomed  shall  be  cut  off  and  the  driving  continued 
Any  pile  which  splits,  breaks  or  drives  unsat- 
isfactorily will  not  be  paid  for,  and  it  shall 
oe  withdrawn  or  abandoned  and  another  driven 
in  place  of  it.   Alter  being  driven,  all  piles 
shall  be  accurately  cut  of I  at  tne  required 
elevation. 

98.  BEARING  PILES. - 

Bearing  piles  shall  be 
driven  vertically  and  shall  De  spaced  as  shown 
on  tne  plan  or  as  directed.   They  shall  be 
driven  to  a  satisfactory  refusal  by  a  hammer 
having  a  concave  face  and  weighing  not  less 
than  2000  pounds.   Refusal  in  general  will  be 
indicated  oy  a  penetration  not  exceeding  1  inch 
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.per  "blow  under  the  last  6  blows  of  a  2000- 
pound  hammer  falling  15  feet.   If  steam-ham- 
mer pile-drivers  are  used  the  piles  shall  be 
driven  so  that  tneir  bearing  power  shall  not 
oe  less  tnan  that  of  piles  driven  as  herein 
specified.   When  it  is  shown  on  the  plan  or 
specified  that  piles  are  to  be  driven  to  a 
certain  required  depth,  they  snail  be  driven 
by  the  use  of  a  water  jet,  hammer  or  by  any 
otner  approved  metnod  as  may  be  necessary  to  reach 
this  depth. 

Wnere  shown  on  the  plan,  brace,  batter  or  spur 
piles  shall  be  driven  at  tne  inclination  shown 
or  directed,  ana  the  tops  shall  be  framed, 
bolted  or  strapped  to  adjoining  piles  or  to  eacn 
ouner  as  shown  on  tne  plan. 

9  <a  .      MEASUREMENT .  - 

The  amount  of  piles  to  be 
paid  for  will  be  tne  total  length  below  cut 
oi f  of  all  piles  remaining  the  work  in  accord- 
ance witn  the  plan  or  directions  and  tne  total 
length  of  all  piles  used  only  as  test  piles. 
Piles  driven  for  temporary  use  will  not  be 
paid  for. 

100.  PRICE  TO  COVER. - 

The  contract  price  for 
piles  shall  cover  the  cost  of  all  labor  and 
materials  required  to  furnish,  drive  and  cut 
oil  tne  same  as  specified;  of  fastening  the  brace 
piles,  and  of  furnishing  and  placing  all  snoes 
bands,  bars,  straps,  boldts  and  other  fastenings 
required . 

VITRIFIED  PIPE  SEWERS. 

101.  VITRIFIED   PIPE.  - 

Vitrified  pipe  sewers  and 
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house  connections   shall   he   built    of   shale 
or   ciay  hub  and   spigot   pipes  v/ith  deep   and 
wide   sockets.      The  pipes   shall   be  manufact- 
ured  at    a   suitable   temperature,    to    secure 
a  tough,    vitreous  material,   without   warps, 
cacks   or   other  imperfections,    and   shall  he 
fully   and    smoothly   salt -glazed   over  the   entire 
inner  and   outer   surfaces,    except   that   the 
inside   of   the  nub  and   the   outside   or   the 
spigot   may   be  unglazed   for  two-thirds   of  the 
deptn   of    the  huD.      On   all   other  portions   of 
the  pipe,    the  glazing   snail   completely   cover 
and   form  an   integral   part    of   the  pipe   oody. 
If  not    left   unglazea,    the   inside   of    tne  hub 
and   the   outside   of   trie    spigot    shall  be   scored 
in  three  parallel   lines   extending   completely 
around   the   circumference.      When   it    is    broken, 
vitrified  pipe   shall    show  dense   and    solid 
material  without   detrimental   crack3   oti  lam- 
ination;   it    shall   be   of   such  toughness   that    it 
can   be  worked  with   a  chisel   and  hammer,    and 
when   struck  with   a  hammer,    it    shall  have   a  met- 
allic  ring. 

L02. .IDENTIFICATION  MARKS.  - 

Each  pipe  shall  have 
clearly  impressed  on  its  outer  surface,  the  name 
of  the  manufacturer  and  of  the  factory  in  which 
it  was  made. 

103.   SHAPE  AND  DIMENSIONS.  - 

The  sizes  of  the 
pipes  are  designated  by  their  interior  diam- 
eters,  'lach  pipe  shall  be  a  cylinder  with  a 
circular  section,  and  shall  have  an  uniform 
thickness. 

The  minimus  lengths,  thicknesses,  depths  of 
hubs  and  annular  spaces  for  the  respective 
sarses  01  vitrilied  pipes  shall  be  as  follows; 
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Size , 

Length 

Thickness 

inches. 

ieet. 

inch. 

D 

not    less    tnan 

2                        5/3 

a 

ii         it 

ii 

2                          3/4 

10 

it          i 

" 

2                          7/8 

12 

ii         ii 

" 

2                          1 

15 

ii         H 

" 

2                          >-v 

13 

ii         ii 

ii 

2                          it 

:.0 

H         n 

ii 

2                           12/3 

2Z 

ii         ii 

" 

2                          1    5/6 

Depth   or 

socket , 

Annular   space. 

iriches 

. 

inch 

2£ 

D/8 

2| 

0/3 

»* 

0/8 

3 

5/8 

3 

5/8 

3± 

5/8 

SI 

5/8 
5/8 

l '.» 4 .  CURVES  ,  BELTDS  ,  et  c  .  - 

Where  curved  pipes 
are  required,  they  shall  he  furnished  in  either 
one- eight  or  one-quarter  hands  of  their  respect- 
ive sizes.   Curved  pipes,  oends,  siphons  and 
special  pipe  ol'  the  sizes  and  forms  shown  on  the 
plan,  shall  he  furnished  and  alid,  and  unless 
otherwise  provided,  they  will  he  paid  for  at 
the  contract  prices  corresponding  to  the  sizes 
of  vitrified  pipe  sewers. 


105.   SAKPLES  FOR  TESTING.  - 

Any  or  all  of  tne 
following  tests  may  De  applied  to  samples  sel- 
ected hy  the  Engineer  from  the  pipe  delivered 
on  the  work.   For  the  purpose  of  making  such 
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testa  as  may  be  required,  trie  Contractor 
shall  furnish  and  deliver,  when  directed, 
and  at  the  place  required,  one  length  of 
pipe  for  eacn  200  feet  pipe  sewer  to  be 
laid  . 

x06.  CRUSHING  TESTS. - 

Y/hen  supported  at  the 
"bottom  upon  a  knife  edge  one  inch  in  width 
in  such  manner  that  an  even  bearing  is  pro- 
vided througnout  the  whole  length,  exclusive 
of  bell,  and  pressure  is  applied  at  tne  crown 
uniformly   tnrough  a  similar  knife  edge,  the 
various  sizes  of  pipe  shall  withstand  the 
following  pressures: 


Diameter, 

Pressure, 

B. 

incnes. 

I os.  per 

lin, 

,  ft. 

15 

1250 

6 

900 

18 

1400 

8 

900 

.  0 

1550 

10 

1000 

22 

17  50 

12 

1050 

107.  DROP  WEIGHT    IEST.- 

Wnen   supported    on  a 
dry   sand   bed   2  inches  deep,    all   pipe    shall 
withstand  without    cracking,    tne   impact    from 
tv/o    blows    of    a   cast    iron    call  weighing  8   pounds 
falling  16    incnes.      ypurs    shall   resist  without 
i'racture   the   impact   from  tv/o  blows   of   sucn   a 
ball   falling   o   incnes   and    striking   on   the   ex- 
treme  end   of   the  huo   oi    tne   spur. 

108.  ABSORPTION   TEST . - 

After  having  been   thor- 
outiiiiy  dried    and   then   immersed   in  water  for   2 
hours,    sample  pieces    of  vitrified   pipe   aDout 
10   square   inches   superficial   area  with  all 
oroKen   edges    snail   not    aosoro  more   than   5£;. 
qi    their  weignt    oi   water. 
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109.  FACTORY  REJECTION. - 

The  entire  product  of 
any  pipe  factory  may  be  rejected  when,  in 
the  judgment  of  the  Engineer,  the  methods 
or  manufacture  fail  to  guarantee  uniform 
results,  or  where  the  materials  used  are 
such  as  produce  inferior  pipe,  as  indicated 
uy  repeated  failure  to  comply  witn  the  tests 
herein  specified. 

110.  HOW  LAID.  - 

All  pipes  shall  "be  laid  with 
ends  aoutting  and  true  to  line  and  grade. 
The  pipes  shall  oe  fitted  together  and  matched 
so  that  when  laid  in  the  work,  they  will 
form  a  sewer  with  a  smooth  and  uniform  in- 
vert. 

111.  UNLESS  otherwise  shown  on  the  plan,  the 
joints  snail  De  made  as  hereinafter  specified 
in  section  108. 

112.  PLAIN  MORI AR  JO I NT S . - 

Plain  mortar  joins 
shall  be  maae  in  the  following  manner:   Be- 
fore a  pipe  is  laid,  the  lower  half  of  the 
hub  of  the  preceding  pipe  shall  be  plaster- 
ed on  the  inside  with  stiff  mortar  mixed  1 
tc  1,  and  of  sufficient  thickness  to  bring 
the  inner  bottoms  of  the  abutting  pipes, 
flush  and  even.   After  the  pipe  is  laid,  the 
remainder  of  the  hub  shall  be  thoroughly  fil- 
led with  similar  mortar  and  the  joint  wip*d 
inside  and  finished  to  a  smooth  oevel  out- 
side. 

113.  GASKET    AND   MORTAR   JOINTS. - 

Gasket  and 
mortar  joints  shall  be  made  in  the  follow- 
ing manner:   A  closely  twisted  hemp  or  od- 
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bdkurc  gasket  of  suitable  diameter,  in  no 
case  less  than  -|  inch,  and  in  one  piece  of 
sufficient  length  to  pass  around  the  pipe 
and  lap  at  the  top,  shall  be  solidly  rammed 
into  the  annular  space  between  the  pipes 
with  a  suitable  calking  tool.   Before  "being 
placed,  the  gasket  snail  be  saturated  with 
neat  cement  grout.   The  remainder  of  the 
space  shall  then  be  completely  filled  with 
plastic  mortar  mixed  1  to  1  and  the  joint 
wiped  inside  and  finished  to  a  smooth  bevel 
outside. 

114.   JOINTS  FOR  SANITARY  SEWERS  AND  BIT- 
UMINOUS co;:pou::l  for  same.  - 

Joints  of  san- 
itary.pipe  sewers  oelow  the  normal  water 
table  shall  be  made  with  a  compound  approv- 
ed Dy  the  Engineer.   The  compound  shall 
preferably  nave  a  bituminous  base,  shall  ad- 
here firmly  to  the  glazed  surfaces  of  the 
pipes,  shall  melt  and  run  freely  at  a  tem- 
perature as  low  as  250o  F.  and  when  set 
shall  oe  sufficiently  elaetic  to  permit  of 
a  slight  movement  of  the  pipes  without  in- 
jury to  the  joints  or  creaking  the  adhesion 
or  the  compound  to  the  pipes.   The  compound 
shall  not  deteriorate  when  submerged  in  fresh 
or  salt  water  or  normal  domestic  sewage. 
It  shall  snow  no  deterioration  of  any  kind 
when  immersed  for  a  period  of  five  days  in 
an  Ifc    solution  of  hydrochloric  acid  or  5$ 
solution  of  caustic  potash. 

All  sanitary 
sewers  oelow  the  normal  water  table  snail  De 
laid  in  concrete  cradles  as  shown  on  the 
plans;  the  joints  shall  be  carefully  centered 
and  calkea  as  specified  in  article  112.   Al- 
ter a  joint,  is  properly  calked;  in  a  suitable 
runner  shall  be  placed,  and  the  compound 
heated  to  a  temperature  of  approximately 
4U0o  F. ,  shall  be  poured  into  it  in  such  a 
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manner  tnat  tne  annular  space  shall  be 
completely  tilled  to  within  ■£  incn  of  the 
outer  rim  oi  tne  bell  of  the  pipe. 

After  tne 
joints  are  run  ana  the  concrete  cradle  is 
piacea,  tnose  portions  of  one  joints  not 
imbedded  in  tne  cradle,  shall  oe  encased 
in  cement  mortar,  which  shall  extend  at 
least  2  incnes  from  tne  face  and  outside 
of  the  bell.   Tne  cement  mortar  snail  oe 
mixea  in  the  proportions  of  1  part  of 
cement  to  1  of  sana, 

lib.  INSPECTION  0?  JOINTS. - 

Unless  other- 
wise permitted,  at  least  four  finished 
joints  snail  be  left  exposed  for  inspec- 
tion tnroughout  the  working  day,  and  the 
necessary  staging  for  the  protection  of 
tiie  exposed  setters  and  for  the  handling 
or  excavated  material  shall  he  provided. 
A  suitable  ladder  afiording  easy  access 
ior  such  inspection  shall  he  furnished 
at  every  trencn,  open  for  tne  proposed 
sewer.   Tne  joints  on  tne  inside  of  all 
pipe  sewers  larger  than  15  inches  in  di- 
a.ter,  shall  ue  carefully  filled  with  mor- 
tar and  wiped  smooth  and  flush  with  the 
surface  of  the  pipe. 

lib.   SUB -GRADE  TO  BE  TESTED. - 

No  pipe  or 
cradle  therefore,  snail  be  laid  or  placed 
until  tne  sub-grade  of  tne  trencn  shall  have 
Qeea   tested  and  found  correct. 

117.  SEWER  TO  3E  KEPT  CLEAN. - 

interior 
of  the  sewer  shall,  a?  tne  work  progresses, 
oe  cleared  oi  all  dirt,  cement  and  super- 
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iluous  materials  of  every  description. 

118.  BACKFILLING.  - 

Immediately  alter 
tne  sewer  is  laid,  the  trench  shall  De 
backfilled  as  provided  in  sections   31, 
32,  34,  35,  36,  37,  33,  39.   No  walking 
on  or  working  upon  the  completed  sewer  (ex- 
cept as  may  be  necessary  in  tamping  the 
backfilling)  will  be  permitted  until  the 
trencii  Has  been  backfilled  to  a  height  of 
at  least  2  feet  over  the  cop  of  the  sewer. 

119.  THE  exposed  ends  of  pipe  sewers 
snail  De  provided  with  approved  temporary 
covers  fitted  to  tne  pipe  so  as  to  exclude 
eart.li  anct  other  materials. 

120.  BRANCH  PIPES. - 

Brancii  pipes  and  con- 
nection pipes  shall  be  of  the  same  qual- 
ity and  dimensions  and  laid  in  the  sane 
manner  as  specified  for  pipe  sewers.   Dead 
ends  of  pipes  snail  oe  closed  with  bulk 
heads  of  brick  masonry  8  inches  in  thick- 
ness. 

121.  PIPES  GUI  TO  JIT  MASONRY. - 

The  ends 
of  pipes  which  enter  masonry  shall  be  neat- 
ly cut  to  fit  the  face  of  tne  masonry. 
Wnen  directed,  3uch  cutting  snail  be  done 
before  tne  pipes  are  built  in. 

122.  MEASUREMENT . - 

±he   length  of  pipe 
sewers  to  be  paid  for  will  be  determined 
by  measurements  along  their  invert  lines, 
and  no  deductions  will  be  made  on  account 


oi'  openings  at  manholes. 

123.  PRICES  i0  COVER. - 

The   contract   prices 
for  pipe   sewers   shall   cover  the   cost    of 
all  necessary   excavation   (except    rock  when 
tnere   is   a  contract   price   for   rock    excav- 
ation);   of   ail   sand,    gravel,    oroken   stone 
or  concrete   oradles   required;    of  the  making 
of   all   joints   as   specified;    of   all   nec- 
essary trimming,    fitting  and   building   into 
masonry;    of    all    oulkheads,    in   the   ends 
of   sewers   to  which  connection   is  made  "by 
the   sewers   in  the   contract;    and   of   all 
labor   ana  materials   required   to   furnish 
and  lay   the    sewers    complete   in^place   as 
shown   on   tne  plan   and    as   specified. 

72    CONCRETE  PIPE   SEWERS  WITH 
REINEORCEIJIENT . 

124.  SHAPE    AND   DIMENSION.  - 

Reinforced  ce- 
dent concrete  pipes  used  in  the  construc- 
tion of  sewers  shall  be  circular  in  sec- 
tion without  flat    •  .   Variations  not 
greater  than  one -half  (£)  percent  from 
such  dimensions  will  De  permitted. 

125.  E^PS  OP  PIPES. - 

The  ends  of  such  pipes 
snail  De  molded  with  hubs  and  spigots  or 
with  any  other  shapes  which  are  satisfactory 
to  the  Engineer,  and  which   i  tne 

making  of  tight,  smooth  and  permanent  joints. 
The  shapes  of  the  pipe  ends  snail  be  such 
as  oo  require  and  permit  the  making  and  fin- 
ishing of  the  joints  ooth  on  the  inside  and 
outside  of  the  sewer. 

126.  TYPE  Oi?  REINFORCEMENT  .  - 

The  minii  iu  i 
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■lengths,    thicknesses   and   depths    of  liuos 
for   the   respective   sizes   of   reinforced 
concrete  pipes,    shall    be   as   follows: 


engtns , 

Thickness 

feet. 

inches 

4 

3 

4 

H 

1 

4 

4 

44 

4 

5 

4 

^ 

4 

6 

4 

«i 

■:- 

7 

4 

a 

4 

3 

ai  z  e 

inches. 
24 
30 
36 
42 
48 
54 
60 
66 
72 
7  3 
34 


127.  TYPE  OF  REINFORCEMENT . - 

The  steel  used 
for  reinforcement  of  cement  concrete  pipe 
shall  conform  to  the  requirements   for  such 
material  specified  in  section  n  umber  73. 
a.  It  shall  either  De  expanded  metal,  rods 
or  wire  mesh,  equal  in  quality  and  design 
to  that  manufactured  oy  the  American  Steel 
and  V/ire  Company. 

d.  V/nere  reinforcement  in  pipes  is  exposed, 
it  snail  oe  tnorougnly  painted  with  cement 
grout  so  as  to  prevent  deteroriation  Dy  ex- 
posure to  the  weatner,  unless  the  reinforce- 
ment is  galvanized. 

128.  REINFORCEMENT  FOR  CIRCULAR  PIPES. - 

In 

all  sizes  of  circular  reinforced  concrete 
pipe  from  24  inches  to  48  incnes  in  diameter 
inclusive,  reinforcement  shall  be  placed  at 
ai stances  varying  from  1  inch  to  l£  inches 
from  the  inner  surfaces  according  »o  diam- 
eter of  pipes,  as  snown  on  the  plan, 
a.  Either  one  or  two  lines  of  reinforcement 
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may  be  used  in  tlie  aoove  sizes  of  pipes. 

b.  In  all  circular  pipes  whose  diameters 
exceed  48  inches,  two  lines  oi  rein- 
forcement snail  be  used,  unless  otnerwise 
shown  on  tne  plan. 

c.  The  inner  line  oi  reinforcement,  snali 
be  placed  2  incnes  from  the  inner  surface. 
The  outer  line  of  reinforcement  shall  De 
place  1  i   inches  from  the  outer  surfaces. 

129.  SAMPLES  FOR  TESTING.  - 

Any   or   all   of 
the  following  tests  may  be   applied   to 
samples    selected   ~oy   tne   Jfrgineer   iron  tne 
pipe  delivered    on  the  work,      lor   the  pur- 
pose  oi'  making   such   tests   as  may    be   re- 
quired,   the   Contractor   snail   furnish   and 
deliver,    when   directed,    and   at   tne  place 
required,    3   lengths   of   each   size   of  pipes 
used    in   tne   work. 

130.  CRUSHING  TESTS.  - 

When  tested  in  the 
manner  described  in  section  number  106, 
the  various  sizes  or  pices  between  24  inch 
and  42  inch  in  diameter,  inclusive,  shall 
withstand,  without  collapse,  tne  following 
pressure.   -Jaen   supported  upon  a  saactie 
which  extends  the  full  length  of  tne  pipe 
exclusive  or  the  bell  and  whose  upper 
surface  fits  accurately  the  outer  curved 
surface  of  tne  pipe,  ana  whose  width  is 
equal  to  an  arc  of  loo,   in  sucn  a  manner 
that  an  even  Gearing  is  provided  tnrough- 
out  the  whole  length,  and  pressure  is  ap- 
plied to  tne  crown  uniformly  through  a 
knife  edge  1  inch  in  width,  the  various 
sizes  of  pipes  witn  dianeters  greater  than 
42  inches  snali  witnstand  witnout  collapse, 
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tne  following  pressures; 


Diameter, 

Pressure, 

Diam. 

Pres. 

inches. 

los.  per  lin, 

.it.   in. 

I  oot 

24 

I960 

50 

sooo 

50 

2350 

5500 

36 

2800 

7  2 

6000 

42 

3200 

78 

6500 

43 

3800 

a  \ 

7000 

54 

4400 

131.  REINFORCED  concrete  pipe  in  which  the 
reinforcement  is  not  placed  symmetrically  a- 
oout  the  circumference  of  the  sneli  in  which 
only  one  concentric  line  of  reinforcement  is 
useu,  shall  be  tested  in  such  manner  as  to 
o.evelop  the  same  "bending  moments  at  the  ex- 
tremities of  the  vertical  and  horizontal  di- 
ameters, as  will  oe  developed  at  the  crown 
oy  the  tests  specified  above. 

132.  SPURS  MB   BRANCHES. - 

Reinforced  cement 
concrete  pipes  having  openings  to  receive 
?^ur  and  branch  connections  shall  he  fur- 
nished and  laid  at  such  points  as  the  en- 
gineer may  designate  ana  as  called  for  by 
tne  plan.   The  openings  in  pipes  shall  oe 
made  in  accordance  with  a  plan  approved  oy 
tne  Chief  Engineer  ,  and  the  openings  shall 
oe  sucn  that  connection  may  be  made  witn  tne 
sewer  in  as  effective  a  manner  as  is  possible 
with  pipes  with  molded  spur  connections. 

BASIN  CONNECTIONS. 

133.  THE  connections  between  receiving  oasins 
or  inlet  basins  ana  sewer  or  manholes  snail  oe 
12-inch  vitrified  pipe,  unless  otherwise 

on  the  plan.   The  pipes  shall  be  of  tne  same 
quality  and  dimensions  and  laid  in  the  same 
manner  as  nereinbeiore  specitied  for  vitriiied 
pipe  sewers. 
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134.   MEASUREl-IElIx  .  - 

The  lengths  of  basin 
connections  to  be  paid  for  will  be  de- 
termined by  measurements  along  tneir  in- 
verts . 

lou.       PRICE  10  COVER. - 

The  contract  price 
for  basin  connections  shall  cover  the 
cost  of  all  necessary  excavation  (except 
rock,  wnen  there  is  a  contract  price  for 
rocK  excavation);  oi  all  sand,  gravel, 
oroken  stone,  cr  concrete  cradles  re- 
quired; of  all  embankments  required  to 
i'urnish  and  lay  the  basin  connections 
complete  in  place,  as  specified. 

PIPE  DRAINS. 

136.   PIPE  drains  shall  oe  built  or  vit- 
rified or  cement  concrete  pipe  oi  the 
same  quality  and  dimensions  ana  laid  in 
the  same  manner  as  hereinbefore  specified 

i or  pipe  sewers. 

137  .   j  JiASUREMELTT  .  - 

The  lengths  of  pipe 
drains  to  ce  paid  for  will  De  determined 
by  measurements  along  tneir  inverts. 

13b.   PRICES  TO  COVER. - 

The  contract 
prices  for  pipe  drains  snail  cover  the 
cost  oi  all  necessary  excavations  (ex- 
cept rock,  wnen  tnere  is  a  contract 
price  for  rocic  excavation);  oi  all  nec- 
essary trimming,  fitting  and  buildi 
into  masonry;  oi  all  backfilling;  or  all 
embankments  required;  and  of  all  labor 
and  materials  required  to  furnish  and 
lay  the  drains  complete  in  place,  as  spec- 
ified. 
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SPURS  POR  HOUSE  CONNECTIONS. 

139.  SPURS  for  house  connections  shall 
be  vitrified  or  cement  concrete  pipe  6 
inches  in  diameter,  equal  in  quality  ana 
dimensions  to  that  specified  for  pipe 

a  ewers. 

140.  IN   BRICK  AND   CONCRETE  SEWERS.  - 

ln 
orick   and   concrete   sewers,    spurs    shall 
oe  buxlT,    in   as    shown   on  the  plan   or  as 
directed.      They   shall    oe  nuo-and-spigot 
pipes  with  the   spigot    ana   moulded   or 
cut   to    fit    flush  with  the  inner   surface 
of    tne   sewer,    and    of    sufficient    length 
to   reach  the  exterior   or  the   sewer. 

141.  IN  PIPE  SEWERS. - 

Pipes  ha    -   i 
o-inch    spurs  with  hubs  moulded   thereon, 
snail    oe   furnished   and   laid    in  pipe 
sewers  where   shown   on  the  plan   or  dir- 
ected.     The   cost   or    such  pipes    shall    oe 
included    in  the    contract  prices    for  pipe 
sewers. 

142.  COVERS. - 

The  ends  of  all  spurs  noo 
connected  with  drains  shall  oe  closec. 
with  a  proved  covers  of  the  same  mat- 
erial as  the  pipes    If  required,  such 
covers  snail  be  cemented  in  place,  and 
when  directed  the  covers  snail  be  so 
cemented  before  the  pipes  are  lowered 
into  ohe  trench. 

143.   PRICE  TO  COVER. - 

The  cost  ol  spurs 
and  all  labor  and  materials  required  to 
furnish  and  place  the  same  as  specifiea 
and  furnishing  and  cementing  the  covers 
for  the' same,  snail  De  included  in  the 
contract  price  ol  the  sewers  to  which 
they  connect.   They  shall  be  furnished 
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ana  laid  as  above  specified  without  ex- 
tra cost  to  the  city. 

DRAINS  ?0R  HOUSE  CONNECTIONS. 

144.  WHERE  shown  on  the  plan  or  where 
directed,  drains  for  house  connections 
shall  he  built  from  the  spurs  in  such 
manner  and  for  such  distance  as  may  oe 
shown  or  directed. 

140.-   DEPTH  AT  CURB.  - 

Generally  house- 
connection  drains  shall  be  laid  with  such 
a  gradient  as  to  secure  a  depth  at  the 
curb  line  of  9i  feet  cr  at  a  gradient  of 
■f  inch  per  foot.   Where  this  is  not  pos- 
siole  or  advisable,  the  depth  at  the 
durb  line  shall  be  as  shown  on  the  plan. 

145.  MATERIAL.  - 

Unless  otherwise  shown 
on  the  plan,  drains  for  house-connections 
shall  be  of  pipe  of  the  quality  and  di- 
mensions specified  for  pipe  sewer?..   The 
ends  of  drains  shall  be  closed  with  ap- 
proved covers  of  the  seme  material  as  tne 
pipe. 

147.   HOW  LAID.- 

All  the  requirements,  as 
hereinbefore  specified,  relating  to  ex- 
cavation, laying  and  backfilling  of  pipe 
sewers  shall  apply,  as  far  as  they  are  ap- 
plicaDle,  to  drains  for  house  connections. 

1 48  .   MEASUREMEN1  S .  -  - 

Ihe  lengths  of  pipe 
drains  for  house  connections  to  be  paid 
for  will  be  determined  by  measurement  a- 
long  their  inverts. 
They  shall  be  measured  from  - 
spur  attached  to  the  drain  sewer  cr  raiser. 
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149 .   PRICE  TO  COVER. - 

The  contract  price 

tor  drains  for  house,  connections  shall 
cover  the  cost  of  ail  necessary  excav- 
ation (except  rock,  when  there  it;  a  con- 
tract price  for  rock  excavation);  the  cost 
oi  aix  backfilling;  the  cost  of  all  covers, 
oends  and  specials  required;  of  all  sand, 
gravel,  oroken  stone  or  concrete  cradles; 
and  the  cost  of  all  labor  and  materials 
required  to  furnish  and  lay  the  drains  for 
nouse  connections  complete  in  place,  as 
specified  and  as  shown  on  the  plan. 

MANHOLES. 

100.   THE  masonry  cr  concrete  for  manholes 
shall  "be  built  to  within      inches  of  the 
established  grade  of  the  street  or  to  within 

inches  of  the  existing  surface  of  the 
ground,  as  directed,   '-'.hen  not  built  up  to 
within      inches  of  the  established  grade 
of  the  street,  the  masonry  or  concrete  shall, 
if  directed,  be  covered  with  stone  slabs  not 
less  than  5  indies  thick  or  with  an  approved 
reinforced  concrete  slab  to  support  the  head. 

151.   BRICK  MANHOLES. - 

Brick  manholes  shall 
De  formed  oy  means  of  templets  placed  at 
top  and  bottom  with-  not  less  tnan  8  lines 
drawn  between  them  if  directed  by  tne  En- 
gineer, and  shall  be  smoothly  and  evenly 
plastered  on  tiie  outside  with  a  layer  of 
mortar  \   inch  thick. 

Ib2.       STEPS.  - 

Galvanized  wroght-iron    steps 
oi    tne   size  and    shape   shown    on   the  plan    ? 
snail    De   firmly  built    into   the  manholes   at 
vertical    intervals    oi    aoout    Id    inches. 
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153.  HEAD   KhJD    COVER. - 

Manhole  heads  and 
covers  shall  be  of  cast  iron,  and  unless 
otiierwise  shown  on  the  plan,  eacn  heau, 
exlusive  Qi  cover,  shall  weign  not  less 
than  47  5  pounds  and  eacn  cover  snail 
weigh  not  less  than  lob  pounds.   -  i< 
weight  of  eacn  head  and  cover  snail  oe 
conspicously  painted  thereon  by  -he  man- 
ufacturer with  white  oil  paint.   Tne  head, 
snail  oe  set  on  the  masonry  or  concrete  in 
a  full  oed  of  stiff  mortar. 

154.  BUST    PA1TS,    etc.  ,- 

Where   shown   on   the 

plan,    dust    pans    and   protection   gratings    of 
tne  materials,    forms   and   dimensions   shown, 
shall   be   furnished    and  fitted   in   the  man- 
holes. 

15b.      PRICE  TO    COVER. - 

The   contract   price  for 
mannoies    shall   cover   the   cost    oi    all   nec- 
essary  excavation    (except    rock,    when   there 
is   a   contract  price   for   rock    excavation); 
oi    all    Backfilling;    of  all  plastering;    of 
all    stone    and    concrete    slabs;    of   all    steps; 
oi   heads    and   covers;    of  dust   pans   and  pro- 
tection gratings,    when   required;    and   of   all 
labor   and  materials    required  to   construct 
tne   same   complete,    in    place,    as    shown   on   the 
plan,    and    specified. 

3TOR] ER    [NLETS. 

156.       STORIJ-WATER   inlets   and    the    beds    and 
covers   therefor   snail    oe   of   the  mate 
forms   and   dimension    3hown   or.    .  Ian.      If 

required,    tne  mouth   of   inlets    snail   be  clos- 

ith    bulkheads    of    brick  masonry   and    such 
bulkheads    shall    be    removed  when     iirected. 
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157.      PRICE  TO   COVER. - 

The   contract   price 
for   inlets    shall    cover   the   cost    of   all 
necessary   excavation   (except    rock,   when 
there   is   a  contract   price   for  rock   ex- 
cavation);   of  all  backfilling;    of   connec- 
tions with   sewers,    or  basins;    of  the  tem- 
porary brick    bulkheads   in  the  mouths   of 
the   inlets  when   required;    and   of   all 
laoor   and  materials   required   to   construct 
tne   inlets   complete   in  place,    as   shown   on 
the  plan  and    speciiied. 

RESi  ORriT  I  Oi;   Ojs    SURFACE  AltD    CLEA    I 


153.       RESTORATION    01   UNPAVED   ROADWAYS, 
SIDEWALKS,    etc.  ,- 

At    such   time  as  may    oe 
directed,    all   unpaved   roadways,    gutters, 
and    sidewalks   affected    by  the  work  done 
under   this   contract    shall  be   restored    oy 
the   Contractor   to   the   same   condition   in 
which  tney  were   at   the  time    of   the   open- 
ing  of    oid   for   this   contract. 

159.      PAVEMENTS,    etc.,    RESTORED   BY   CITY. - 
Unless   otherwise   required    by   tne  plan,    all 
roadway   and    sidewallc  pavements,    cross- 
Wfliva  '  curbs      etc..    along   the  line   oi    tne 
work?'(ex?ept    thSse  under   guarantee   for 
maintenance    oy  the  paving   Contractor;, 
which   are  removed,    destroyed,    lost    or   in- 
jured   on   account    of,    or   during   the   construe. 
tion   of   the  work  under    this   contract,    or 
wnich   are  injured   by  traffic    on  account    oi 
any   act    or   omission   on  the  part   of  tne 
Contractor ,    ins    agents,    servants    or em- 
nfcoyees,    in  tne  prosecution   oi    tne   woric, 
will    op'  restored   ana   adjusted    oy   the   city 


58. 


at  the  expense  of  the  Contractor-.   For 
this  purpose,  "before  the  completion  of 
tne  contract,  ana  when  directed,  tne 
Contractor  snail  pay  to  tne  city  a  sum 
of  money  sufficient   to  cover  tne  cost 
of  the  work  to  "be  done  being  determined 
by  tne  Engineer,  and  the  cost  being  com- 
puted at  the  following  prices: 
Granite  block  with  concrete  foundation, 
tar  and  gravel  (or  cement  grout)  joints 

$ per  sq. 

Granite  block  pavement,  with  sand  foun- 
dation 

Medina  block  pavement,  witn  concrete  foun- 
dation    (routed  joints) 
Brick  pavement,  with  concrete  foundation 
Bricic  pavement,  with  sand  foundation 
Belgian  block  pavement 
Cob ol est one  pavement 
Mac  ad  an  p  av  em  en  t 
Iron  slag  pavement 
Wood  clock  pavement 

Aspnalt  block  pavement  over  10  yards 
Asphalt  olock  pavement  under  10  yards 
Sheet  asphalt  pavement,  concrete  founda- 
tion over  10  yards. 

Sneet  aspnalt  pavement,  concrete  founda- 
tion, under  10  yards. 

Aspnalt  pavement  without  concrete  founda- 
tion over  10  yards. 

Asphalt  pavement  without  concrete  founda- 
tion under  10  yards. 

Cement  sidewallc  relaid        .....per  sq.ft. 
New  Flagging 
Flagging  relaid 
Curostone  reset,  concrete  foundation  $. ..per 

square  it 
Curostone  reset,  sand  foundation 
ITew  curbstone  furnished  and  set,  sand  founda- 
tion 

ITew  curostone  furnished  and  set,  concrete 
foundation 

Bridgestone  reset,  sand  foundation    ;#*.  ..per 

sq. ft. 
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Bridgestone  reset,  concrete  foundation 

New  bridgestone  furnished  and  set,  sand  fourida- 

t  i  on 

New    bridgestone   furnished   and   set.,    concrete 

foundation 

160.      PAVEMENTS,    etc.,    RESTORED   BY   CONTRACTOR.- 
If   required    by   the  plan,    roadway   ana   side- 
walk,   pavements,    cross-walks,    euros,    etc., 
except   'chose  under  guara.it ee   for  mainten- 
ance,   shall   be   satisfactorily   restoeed   and 
adjusted  by  the   Contractor   at    such  times   as 
may  be   directed.      Sidewalk  pavements    shall 
restored   in  whole   flags,    squares   or   sections 
which    snail   correspond   in   quality   ana   ap- 
pearance witn  the   original    or   adjoining   flags, 
squares   or   sections.      All  work   and  materials 
used   in    such   restoration   ana   adjustment    shall 
conform  in  all    respects   to  the    standard   spec- 
ifications now   in  us  "by   the   city   for   similar 
work   and  materials. 

161        PAVEMENT  S ,    etc.,    UNDER   GUARANTEE.  - 

..li 
pavements,    sidewalks,    cross-walks,    cures,    etc. 
existing   at   the  time   of   the  opening   of  the 
bids   for   this   contract,    and  under  guarantee 
for  maintenance,    snail    0e  restored   ana   ad- 
justed    oy  the  parties    responsible  under   such 
guarantee,    and    at    the   expense   of   the   Contrac- 
tor.     If   not    so    restored   an  J       t ed  during 
trie* progress   of   the  work,    the   Contractor 
shall  when   directed,    pay   to  the   city,    ue- 
fore   completion   or   tr             iract ,    a  sum  of 
money   sufficient    to   cover   the   cost    of    having 
the   same   restored   and   adjusted    by   the   parties 
responsible  under   such   guarantee,    and   at   tne 
cnarges   for    the   restoration    of   tne   same   as 
sei.    fortn  in  their   contract?   relating  thereto. 
Such   shall    dp   accompanied    oy   cermmcaoes 


-' 


from  tne   respoasiole   for   the   maintenance 
01    tne  pavements,    sidewalks,    cross-walks, 
curbs,    etc.,    to    tne   effect    that    such 
will   "be   accepted    Dy    them  as    covering  the 
entire    quantity    of   pavement,    etc.    to    oe 
restored   and   adjusted. 

1 62 .  TEMPORARY  REST : RAT I OH . - 

At    such   times 
as  may  "be   directed,    roadway   and    sidewalk 
pavements,    cross-walks,    curbs,    etc.,    which 
may  have    been   removed,   whether  under   guar- 
antee  or   not,    shall   he  temporarily  restored 
o-y   tne   Contractor  to   the   satisfaction    oi 
tne   Engineer. 

163.  CHANGE  OF   PAVEMENT,    etc.,- 

vVhen  tne 
kinds    of   pavements,    sidewalks,    cross-walks, 
curbs,    etc.,    in   any   street    affected    uj   this 
contract,    are   changed   after  the   "bids    are 
opened    and  before  work  is   commenced,    tne 
Contractor  will    not   be   required   to  make   per- 
manent   restoration   of   the   new  pavement, 
sidewalks,    cross-walks,    curbs,    etc.,    dis- 
turoed,    Out   a   sum   of  money   su.iicient.    to 
pay  tne   cost    oi    replacing  the  kinds   of 
pavements,    sidwalks,    cross-walks,    curbs, 
etc. ,    which  were   there   at   tne   time   of   the 
opening   of   the   bids  for   this   contract,    will 
oe  deducted   from  the   amount  which  would  nave 
been  payable   to   the   Contractor  upo:;   tne   com- 
pletion' of   tne   contract,    Had   tne   character   of 
pavements,    etc.,    not   been   changed,    and    such 
cost  will    oe   computed   at    tne  prices    statea    in 
section  109. 

164.  WHS; IT  NEW   PAVEMENT    IS   LAID.- 

If  pavement, 
siuewalKs,  cross-walks,  curbs,  etc.,  are  laid 
where   none   existed    at   tne   time   the    uids   for 


SI 


tnis   contract  were   opened,    the   Contractor 
snail    excavate   and   remove   such  portions   of 
tne  pavements,    sidewalxs,    cross-walks, 
euros,    etc.,    and   their  foundations   as  may 
oe   necessary    for    the   prosecution    01    tne 
work,    out  he  will   not    oe   required   to  make 
a  permanent   restoration  of  them. 

165.  i  REN CHES   EL 0  ODSD . - 

Beflore   laying 
any  pavements,    sidewalks,    cross-walks, 
euros,    etc.,    the  trenches   shall,    if   required, 
"be   flooded  with  water,    as   directed,    and   ail 
resulting  holes   or  depressions    shall   be  fil- 
led  and   tamped    solid. 

166.  UNNECESSARY  CROSS  GUTTERS. - 

All   cross 
gutters   rendered  unnecessary  by   the  work 
under   this   contract    shall   be   removed   and 
t£te    entire    street    intersection   or   so  much 
tnereof   as  may    oe   necessary    shall  be   re- 
graded   and   repaved   as  Herein   specified. 

157.       CLEANING  UP. - 

At  such  times  as  may 
be  directed,  the  Contractor  shall  remove 
iron  the  streets  all  materials  which  were 
placed  thereon  by  him  as  a  consequence  of 
performing  this  work,  and  which  are  not 
required  by  the  contact  to  be  left  as  part 
of  the  finished  work?  The  entire  work  and 
portions  of  the  street  affected  -nereoy  shall 
oe  lett  in  a  satisfactory  condition.   The 
sidewalks  and  cross-walks  snail  be  swept  clean 
of  all  material  which  may  have  accumulated 
under  this  contract,  and  if  required,  they 
shall  be  sprinkled  with  water  during  the 
sweeping. 

163.   PRICES  TO  COVER. - 

The  cost  of  all  the 


labor  required  to  be  done  arxd  all  materials 
required  to  be  furnished  in  tne  performance 
of  all  of  the  work  specified  in  sections. . . , 
inclusive,  snail  be  covered  by  all  the  con- 
tract prices  for  all  the  items  for  which  there 
are  contract  prices. 
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